Context: Mutations in genes encoding for the succinate dehydrogenase (SDH) complex are linked to hereditary paraganglioma syndromes. Paraganglioma syndrome 3 is associated with mutations in SDHC and typically manifests as benign, nonfunctional head and neck paragangliomas.
Design:
We describe a case of a 51-year-old woman who initially presented with diarrhea and hypertension and was found to have a retroperitoneal mass, which was resected with a pathology consistent with paraganglioma. Five years later, her symptoms recurred, and she was found to have new retroperitoneal lymphadenopathy and lytic lesions in the first lumbar vertebral body and the right iliac crest, which were visualized on CT scan and octreoscan but not on iodine-123-metaiodobenzylguanidine ( 123 I-MIBG) and bone scans. She had significantly elevated 24-hour urine norepinephrine and dopamine. The patient received external beam radiation and a series of different antineoplastic agents. Her disease progressed, and she eventually expired within 2 years. Genetic testing revealed a heterozygous SDHC c.43C.T, p.Arg15X mutation, which was also detected in her daughter and her grandson, both of whom have no biochemical or imaging evidence of paraganglioma syndrome yet.
Conclusion:
We report a unique case of functional, metastatic abdominal paraganglioma associated with SDHC germline mutation. Our case exemplifies that SDHC germline mutation has variable penetrance, which may manifest with an aggressive biology that could be missed by a 123 I-MIBG scan. (J Clin Endocrinol Metab 103: 2802-2806, 2018) P aragangliomas are rare, highly vascular neoplasms that arise from widely dispersed, specialized neural crest chromaffin cells that are associated with autonomic ganglia and have the ability to secrete catecholamines. The majority of paragangliomas are sporadic, but ;30% of them are associated with an inherited syndrome (1) . Mutations in the genes encoding different subunits of the succinate dehydrogenase (SDH) enzyme complexes, which are responsible for oxidative metabolism and electron transfer, have been linked to hereditary paragangliomas (2) . There are five SDHx (SDHA, SDHB, SDHC, SDHD, and SDHAF2) genes, accounting for five distinct hereditary paraganglioma syndromes that are characterized by an autosomal-dominant inheritance pattern but with variable penetrance (3) . Mutations in the SDHC locus are rare and usually manifest with isolated, benign, nonfunctional (parasympathetic), and asymptomatic head and neck paragangliomas (3). Our case exemplifies a distinctive variant-functional, metastatic, abdominal paraganglioma associated with an SDHC mutation.
Case
A 51-year-old woman with a medical history remarkable for hypothyroidism and cervical intraepithelial neoplasia grade 1 presented in 2005 with hypertension and diarrhea. CT scan of the abdomen revealed a 4.4-cm retroperitoneal mass. Hormonal workup is not available. Family history was positive for bladder cancer in her father but negative for paraganglioma/pheochromocytoma or gastrointestinal stromal tumors. Her mother and sister had uncontrolled hypertension diagnosed at a young age. Complete resection of the mass revealed characteristics of a paraganglioma without substantial mitotic activity or capsular and angiolymphatic invasion (Fig. 1A) . Postoperative scans until 2008 showed no evidence of relapse. However, the patient developed recurrent hypertension, abdominal pain, anxiety, and diaphoresis in 2010, 5 years after the initial diagnosis. Twenty-four-hour urine catecholamines were as follows: norepinephrine 2770 mg/24 h [normal (nl) 0 to 140 mg/24 h], dopamine 3083 mg/24 h (nl 65 to 610 mg/24 h), and epinephrine 7 mg/24 h (nl 0 to 32 mg/24 h). CT scan of the abdomen/pelvis revealed lytic lesions in the first lumbar vertebral body ( Fig. 2A ) and right iliac crest (not pictured), as well as new retroperitoneal para-aortic and paravena caval lymphadenopathy (Fig. 2B ). CT scan of the head, neck, and chest was unremarkable. Iodine-123-meta-iodobenzylguanidine ( 123 I-MIBG) and bone scans were negative ( Fig. 2C ), whereas 111 In pentetreotide (Octreoscan) revealed foci of radiotracer activity within the first lumbar vertebral body and right iliac crest (Fig. 2D) . Her hypertension improved with initiating prazosin, followed by labetalol. The patient received external beam radiation and a series of octreotide. She also received everolimus that was later switched into sunitinib and then temozolomide, which did not prevent disease progression, and she expired in 2012.
The germline mutation screen was negative for SDHB and SDHD gene mutations but was positive for a heterozygous SDHC c.43C.T (p. Arg15X) mutation. Immunohistochemistry (IHC) for SDHB, performed at ARUP Laboratories (Salt Lake City, UT), based on previously established protocols (4), revealed a heterozygous pattern, with most tumor cells showing a weakly diffuse cytoplasm staining (Fig. 1B) and few areas containing positive cells with granular cytoplasmic signal (Fig. 1C) , whereas the tumor vascular network displays strong granular staining (Fig. 1C) . This pattern is consistent with deficient SDH function. To investigate further the functional consequence of the SDHC mutation, we performed sequencing analysis of the SDHC exon 2, obtained from formalin-fixed, paraffin-embedded paraganglioma and processed it as we have described (5) . This analysis confirmed the Arg15X mutation but revealed no evidence of loss of heterozygosity (Fig. 1D) , suggesting incomplete loss of the wild-type allele as a result of tumor heterogeneity, and/or of technical limitation caused by the presence of admixed nontumor cells (Fig. 1A) . The same SDHC mutation was detected in germline DNA of her 36-year-old daughter and 9-yearold grandson, who remain clinically, biochemically, and radiologically free of paraganglioma. Of interest, the grandson has congenital hypothyroidism.
Discussion
We herein report a case of functional, metastatic abdominal paraganglioma associated with SDHC germline mutation. Paraganglioma syndrome 3 is associated with SDHC mutations and classically presents with isolated, asymptomatic, benign, nonfunctional head and neck paragangliomas (3) . The first case of malignant paraganglioma with distant metastasis associated with a SDHC germline mutation, c.397.T (p.Arg133X), was described in 2014 by Bickman et al. (6) . The location of the primary tumor was in the thorax, and it was nonfunctional (6) . In December 2015, Rich et al. (7) reported a case of malignant sympathetic paraganglioma in a patient with a deletion of the SDHC gene. In 2016, Isaacson et al. (8) reported a case of the SDHC mutation manifesting as a locally aggressive, catecholamine-producing, temporal bone paraganglioma associated with increased hypoxia-inducible factor 2a expression.
Our case is very distinctive from the classical presentation of paraganglioma syndrome 3 syndrome and the previously reported cases by the location of the primary tumor in the abdomen, its malignant and progressive nature, and its sympathetic functionality. A high falsenegative rate (29% to 44%) of 123 I-MIBG imaging is frequently observed in metastatic tumors with unfavorable prognosis, as seen in hereditary paraganglioma syndrome, as a result of the SDHB mutation (9) . Limited sensitivity is attributable to medication (labetalol, calcium channel blockers, and tricyclic antidepressants), interference of MIBG uptake, small size of tumor, and dedifferentiation with loss of norepinephrine transporters that are essential for MIBG uptake (9) . Fluorodeoxyglucose-positron emission tomography and 111 In pentetreotide (octreoscan) appear to be more sensitive than either 123 I-MIBG or CT for the detection of metastatic disease in SDHBpositive paragangliomas (10) . That also might be true in SDHC-positive metastatic paragangliomas, as it was in our case.
The SDHC Arg15X mutation has been previously reported in patients with paraganglioma and is predicted to be pathogenic (11) . This mutation was found on the genetic screen of the index patient's daughter and grandson, although neither has evidence of paraganglioma. Negative or weak SDHB IHC is typically associated with loss of function of any of the SDH subunit genes (4). This patient's tumor had a predominant, weakly diffuse cytoplasmic staining, which has been reported in some tumors with SDH mutations, especially SDHD, and is compatible with deficient SDH function, expected to occur after an early SDHC truncation (4, 12) . The lack of clear loss of heterozygosity in the paraganglioma may result from tumor heterogeneity with partial loss of the wildtype allele. Loss of heterozygosity detection could have been further confounded by admixed nontumor cells (e.g., from extensive vascularity). Although the germline SDHC mutation is likely the primary cause of the paraganglioma in this patient, this tumor may have acquired additional changes that contributed to its unusually aggressive behavior and poor outcome. Limitation in the amount of tumor DNA prevented a more comprehensive genetic screening to exclude the coexistence of other pathogenic mutations.
All mutation carriers of hereditary paraganglioma syndrome should undergo periodic surveillance. However, the nature of this surveillance should take into account the particular gene affected, according to the genotypephenotype relationships, as well as considerations of penetrance and potential severity of disease. Prospective studies to guide the clinician in the frequency and type of testing are lacking. However, when an SDHx mutation (including SDHC) is identified in a relative of a proband, periodic biochemical and whole-body imaging studies are indicated. The surveillance has been negative in the patient's daughter and grandson thus far.
Conclusion
Our case is unique in that our patient had a pathogenic SDHC germline mutation with a metastatic abdominal paraganglioma that was functional (sympathetic). Like SDHB-related paraganglioma, a false-negative 123 I-MIBG scan may be encountered in SDHC-related paraganglioma, especially if the tumor follows an aggressive behavior. 
